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NEW EMULSIFICATION TECHNOLOGY 
Field of the Invention 

The invention relates to a new method and related equipment for the preparation of emulsions. 
According to the method of the Invention stable emulsions are obtained by conducting an 
unstable p re-mixture of immiscible fluids through a magnetic field. 



Background of the invention 

Emulsions are broadly defined as metastable colloidal dispersion of liquid droplets in another 
liquid phase. The major emulsions Include, olWn-water and water-fn-bil emulsions, benzene, 
toluene, zyiine and nitre-benzene based emulsions. 

Besides two liquid phases and an emulsifier, the formation of an emulsion takes energy and 
occurs at conditions far from equilibrium. In general, the formation of an emulsion comprises two 
steps. In an initial step the two Hquid phases are mixed in the presence of a suitable amount of 
emulsifier in order to create droplets of the dispersed phase in the continuous phase. 
Thereafter, the droplets are disrupted by shear forces or by local pressure differences, i.e, by 
inertial forces, resulting in a more stable emulsion. At present different types of mechanical 
emulsificatlon processes are used in the production of finely dispersed emulsions, each process 
requiring specific equipment Within the mechanical emulsiffcatfon systems four major 
categories can be discriminated: droplet disruption In high shear rotor-stator systems, droplet 
disruption by ultrasound, droplet disruption in high-pressure systems and droplet formation at 
micropores (microporous membranes or microchannels). Also non-mechanical processes are 
applied such as precipitation of the dispersed phase previously dissolved In the continuous 
phase, phase inversion and the phase inversion temperature method. 

Emulsions are either produced as consumer products or for applications within a broad range of 
industries. The areas, In Which emulsions are used, include, in a far from exclusive list, foods, 
paints, cosmetics, pharmaceuticals, expiosives, rocket fuel, etc! Most applications or products 
require that emulsions have maximal storage stability. The storage stability refers to the period 
that foe emulsion can be kept before it separates into different phases. The five mechanisms, 
mat can be identified in the process of breaking down an emulsion, are Ostwald ripening, 
creaming, aggregation, coalescence, and partial coalescence. There are too ways in which the 
process of breakdown of an emulsion can be Influenced: the use of mechanical devices to 



U.Nov. 2002 11:41 




+32 16 326515 



Nr. 3637 P. 8/22 



control the size of the dispersed droplets and the addition of stabilising chemical additives 
(emulslfiers). to keep the emulsion dispersed. 

The present Invention describes a new physical method to produce finely dispersed stable 
emulsions, using magnetic fluid treatment devices. 

SUMMARY OF THE INVENTION 

In a first object the Invention relates to a method for the preparation of an emuision by 
conducting an unstable mixture of immiscible fluids through a magnetic field. In a more 
preferred embodiment the mixture further comprises one or more emulsffier. 
In e second object the method relates to a device for the preparation of an emulsion according 
to the method of the invention. Said emulsification device comprising a magnetic fluid 
conditioner mounted in a circuit comprising a liquid containing portion, whereby the fluids 
contained in the liquid containing portion can be conducted through the magnetic field Of the 
magnetic fluid conditioner. Optionally, a mixer is mounted on the liquid containing portion. In a 
more preferred embodiment the device comprises a pump, which allows controlling the speed at 
which the fluids are conducted through the magnet In a more preferred embodiment the fluids 
are recirculated through the magnet back into the liquid containing portion. In an even more 
preferred embodiment the re-introduction of the magnetically treated mixture into the liquid 
containing portion is done with proper care in order to avoid that the magnetically treated 
mixture mixes with the liquids contained In the liquid containing portion. Optionally, the pre- 
mixture rs conducted through a magnetic field when transferring the pre-mixture to the liquid 
containing portion. 

A third object of the invention is the storage of emulsion in the liquid containing portion of the 
etaulsificatidn device of the present invention. Intermittent conduction of the emulsion through 
the magnetic field may allow prolonging the storage stability of the emulsion. 
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- DETAILED DESCRIPTION OF THE INVENTION 



List of figures 

Figure 1 : Representation of different configurations of the emulsSftcation device. 

A. EmulsificatJon device used in Example 1 . The device comprises a liquid container 
consisting of a Haakfi bath wherein a centrifugal pump is submerged Said pump 
allows conducting the liquid content of the Haake bath through the magnetic device 
back info the bath. 

B. Emulslflcatton device used in Example 2 and example 4: a liquid reservoir consisting 
of a cylindrical flask having a conical bottom is equipped with a loop containing a 
peristaltic pump and a magnetic device . The magnetic device is positioned at the 
inlet of the reservoir. 

C. Emuteificalian device used in Example 3: a liquid reservoir consisting of a cylindrical 
flask having a conical bottom is equipped with a loop containing a peristaltic pump 
and a magnetic device . The magnetic device Is positioned at the outlet of the 
reservoir. 



Description 

The present Invention describesthe surprising finding that the passage of an unstable mixture 
of immiscible liquids through a magnetic field results in a stable emulsion. Furthermore, different 
operational parameters were identified to be relevant to the preparation of a stable emulsion by 
means of a magnetic device. The influence of some of these parameters is illustrated in the 
Examples. 

The equipment used in the present study comprised a magnetic device, such as the devices 
currently used in magnetic water conditioning to prevent scale formation by deposition of caicite 
In boilers. The magneto device which was mounted in a circuit containing a pump and a 
reservoir. In a preferred embodiment the emulsion is prepared by pre-mixing the oil, water and 
surfactant before filling it In the reservoir. A stable emulsion was obtained by circulating the 
premix in the unit, depending on the operational parameters. The emulsion stability was 
evaluated by observing the spontaneous macroscopic phase separation by eye after a period of 
time. In a series of experiments it was demonstrated that following parameters were affecting 
the storage stability of toe obtained emulsion: 
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1. influence of flow rate of mixture through the magnetic field 

The stability of the obtained emulsion Ss dependent on the linear flow rats of the mixture through 
the permanent magnetic Held. In each particular application and equipment, there Is a threshold 



emulsion stability Increases with the linear flow rate. The transition from laminar to turbulent 
flow, artd the occurrence of undesired cavitation impose the maximum linear flow rate. In each 



2. Number of passes through the magnetic Held 

The stability of the emulsion Is improved when the number of passages through the magnetic 
device is raised to a maximum effect The improvement of the emulsion stability Is most 
significant In the first passes. Prolonged circulation has no adverse effect. Below the threshold 
flow, raising the number of passes does not help to improve the stability of the emulsion. 

3. Time lapse between passes 

The time lapse between two passes through the magnet while the mixture is in the liquid 
containing portion or tubing Is another parameter of importance to the stability of the emulsion. 
In a preferred system, the pre-emulsion is treated a number of times with short time intervals as 
to reach sufficient stability for storage. 

4. The emulsion storage reservoir 

The nature of the reservoir is an Important parameter for several reasons. 

The shape of the reservoir is important to ensure that the entire volume of the emulsion Is 
treated and to avoid zones where the premix stagnates. This would increase the time lapse 
between treatments for part of the volume. The stagnant zones comprising an emulsion/ premix 
with larger micelles can be responsible for coagulation and phase separation. Experiments with 
differently shaped reservoirs Illustrate the importance of this parameter. Another point of 
concern is the mixing of the treated emulsion with the stored volume. Mixing is to be minimised 
in order not to increase the lapse time. 

5. Alternative magnetic devices 

Most of the experiments were performed with a device manufactured by the CEPI-co company, 
(CEPI R1/2D). This device contains two AINiCo magnetic bodies with a specific shape as to 
create two consecutive orthogonal magnetic fields inside the fluid passing through. Some 
experiments were executed with different types of magnetic devices. Two clamp-on type 
devices having the magnets positioned outside of the fluid were used, One of these clamp-on 



flow, below which there Is no improvement of the stability of the pre-mlxlure. The gain in 



application and equipment, an optimum flow rate exists. 
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• units had a FaNdB composition, the other one AJNiCo. The stability of the premix was improved 

in experiments with mess alternative magnetic devices as well. 

EXAMPLES 

EXAMPLE 1: Magnetic preparation of an oil-in-watar emulsion using a Haaka circulation 
bath as liquid-containing reservoir 

Research e quipment and procedures 

1. Preparation of the premix 

0,930 kg of fatty acid and 0,081 kg of surfactant were added to 2,001 kg of de-ionised water . 
The fatty acid 'radiacid 0166* and the surfactant 'radiasurf 7403' were provided by Oleon 
company. This mixture was vigorously stirred with an IKA RE16 mixer at 300 rpm. The 
suspension was slowly heated to a temperature of 60-65°C with an IKA RCT heater. The 
temperature was controlled with an I KA ETS-D4 fuzzy-apparatus. 

After 1 hour the temperature had reached 60,7°C. 11,7 g of a 50 wt% NaOH-solution was 
added dropwise, while stirring of the mixture was continued. In doing this, the temperature 
Increased to 62,2 °C. As a result, a white suspension was obtained. 

2. Magnetic Treatment 

The hot suspension was poured into a Haake circulation bath, while mechanical siirring is 
immediately started {IKA RE16 mixer at 200 rpm). The suspension was pumped at a rate of 
approx. 3L/min through 2 commercial CEPI-magnets (CEPI R1/2D) in series. The experimental 
configuration corresponded to the scheme in Fig.lA. The treatment was continued for 6 hours, 
while the suspension was allowed to cool spontaneously. 

3. Determination of emulsion stability 

Samples were collected in small glass vials {7 ml). The phase separation of the emulsion in the 
vials was observed by eye. 
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The temperature of the mixture was measured during the treatment At certain moments s 
sample of the suspension was taken and stored at room temperature for visual inspection. An 
overview of the sampling data Is given In the Table 1 . 



Sample sO was separating quickly into a white yellow top layer and a white water layer. The 
emulsions S1-4 appeared by eye to be stable after 6 hours, even the sample taken after 15 
min. After overnight storage at room temperature most of the samples showed a phase 
separation, though a better stability was observed the longer the magnetic treatment was 
Continued- None of the applied treatment times was sufficient to obtain an emulsion that was 
stable 24 hours or more as observed by eye. 
Conclusion 

This experiment demonstrated that conducting a premix through a magnetic field improved the 
storage stability of., an oiMn-water prembc The emulsions showed coagulation and phase 
separation in the period between 6 and 24 h. while in the premix phase separation was 
observed within minutes. Nevertheless, the storage stability of the emulsions was still relatively 
short. This could be related to the configuration of the magnetic emulsiffcation device used in 
this experiment. The rectangular shape of the Haake recirculation bath probably provided 
stagnant zones, which may have resulted in an incomplete treatment of pramix contained in the 
bath. The presence of untreated premix, containing large micelles, in the final emulsion probably 
resulted In the limited, storage stability of the obtained emulsion. 



EMBED 



time (nrin) temperature CO sample 



0 5S P 8 sO 

15 51,6 el 

60 39,9 s2 

180 30,6 s3 

360 28,8 s4 



Tabte 1: timing of sampling and sample notation 



Results 



EXAMPLE 2: Magnetic preparation of an oil-in-water emulsion using cylindrical flask with 
a conic bottom as liquid-containing reservoir 

6 
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Research eauinmant and Procedures 

1. Preparation of the premix 

1.163 kg of fatty add and 0,078253 kg of surfactant were added to 2.504 kg of da-ionised water 
(in a 1L-beaker). The fatty acid 'radiacid 0166- and the surfactant 'radiasurf 7403' were provided 
by Oleon company. This mixture was vigorously stirred with an IKA RE16 mixer at 300 rpm. The 
suspension was slowly heated to a temperature of 63 »C with an IKA RCT heater. The 
temperature was controlled with an IKA ETS-D4 fuzzy-apparatus. 

Whan the temperature had reached 60.5 =C 14,620 g of a 50 wt% NaOH-solution was added 
dropwisa. while stirring of the mixture was continued. The suspension was allowed to cool to 40 
"C. 

2. Magnetic treatment 

1 5 I of the suspension (40 "C) was poured into a liquid containing portion of 2 I. Said liquid 
containing portion consisted of a cylindrical flask with a conic bottom. Tubing (Masterflex Tygon 
lab VP 70, Cole-Parmer Instrument Company) was attached to the bottom of this flask. Via the 
pump (Masterflex VP) the emulsion was pumped to the inlet on top of the reactor. A commercial 
magnet (CEPI R1/2D) was attached to the end of the tubing at the inlet of the reservoir (Fig.lB) 
. The pump was turned on at a pumping speed of 4 r 7 l/min (determination of flow rate done with 
tap water ). 

3. Determination of emulsion stability 

The stability of the emulsions With time was monitored by observations by ©ye. Samples were 
collected in polystyrene cuvettes (2,5 ml) and in small glass vials (7 ml). 

The emulsion was sampled at specific times (Table 2) . The samples were stored at room 
temperature (20-25X) or In the refrigerator (7X) for visual Inspection. An overview of the 
sampling data is given In the table below. Samples s0, with a time indication 0\ was taken alter 
one pass of the emulsion through the magnet Sampling of sO happened on the outlet of the 
magnetic device, while samples s1-s3 were taken in the cylindrical storage flask. 



7 



H.Nov. 2002 1 1:42 



+32 16 326515 



jjmg (grig) sample room temp sample refrigerator 



Nr. 3637 p. 14/ 



1^ 



15 
30 
60 



sO sO 

Si si 

s2 s2 

s3 s3 



3,5 hours after sampling, sO samples stored in the refrigerator as wall as those stored at room 
temperature showed phase segregafion. The later collected samples were still stable after 21 
hours after sampling. Inspection of the si , s2 and s3 samples after 92 hours of storage 
revealed soma phase separation, before. 
Conclusions 

Compared to Example 1 the storage stability of the emulsion was significantly Improved by 
using a cylindrical flask with conical bottom as liquid containing portion 
Another Important conclusion Is that a single passage through the magnet was insufficient to 
obtain a stable emulsion EXAMPLE 3: magnetic effect 



Experiment 1 



Research equipment and procedures 



1. Preparation of the pre-rnlx 

1163 kg of fatty add and 0,076253 kg of surfactant were added to 2,504 kg of de-ionised water 
(in a 1L-beaker), The fatty acid Vadiacid 0166' and the surfactant 'radiasurf 7403' were provided 
by Oleon company. This mixture was vigorously stirred with an IKA RE1 6 mixer at 300 rpm. The 
suspension was slowly heated to a temperature of 63 °C with an IKA RGT heater. The 
temperature was controlled With an IKA ETS-D4 fuzzy-apparatus. 

When the temperature had reached 60,5 °C P 14,620 g of a 50 wt% NaOH-solution was added 
dropwise, while stirring of the mixture was continued. The suspension was spontaneously 
cooled to 40 °C. The pre-mix was stored for 5 days at room temperature. Before use, the pre- 
mix was stirred once more (IKA RE16 ; 300 rpm) but not heated. 
One day later, the same batch of pre-mix was used for a blanc experiment 
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- 2. Magnetic treatment 

250 ml of the suspension (room temperature) was poured into a cylindrical flask (2 I) with a 
conic bottom. A commercial magnet (CEPI R1/2D) was mounted in a loop at the outlet of the 
reservoir (F|g.1C) The loop consisted of tubing of the type Masterflex Tygon lab l/P 70, Cole- 
Parmer Instrument Company. The tubing connects the magnet via the pump {Masterflex l/P) 

with the inlet on top of the reservoir. The pump was turned on at position corresponding to a 

pumping speed off 4,7 l/mln {measurement conducted with tap water). 

The same sei-up was used for the biank experiment, except for ihe magnetic device which was 
left out. 
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3. Determination of emulsion stability 

TTmestabillty of the emulsions was Inspected from time to time during storage by eye. Samples 
were collected in polystyrene cuvettes (2,5 ml) and In small glass vials {7 ml). 

After specific treatment times, the emulsion was sampled. Sampling was done at the end of the 
tubing positioned at the inlet of the reservoir. During sampling the pump was turned off. The 
samples were Btored at room temperature (25 °C) and in the refrigerator <7 °C). An overview of 
the sampling is given in table 3. The approximative number of passages as given in table 3 was 
estimated based on the volume of pre-mbc introduced in Ihe reservoir and the flow. . 





time (min) 


number of passages 


sample room temp 


sample refrigerator 


experiment 


!' 0» 


1 


sO . 


sO 




1 


12 


si 


si 


magnetic 


2 


24 


s2 


s2 


device 


15 


ISO 


33 


S3 




2 


24 


b2 


b2 


experiment 


15 


180 


b3 


b3 



Table 3 : sample notations 



Results 

Air samples prepared with the magnetic device were emulsions, the stability of which depended 
on the treatment time. After 18 hours storage, sample sO showed phase separation at both 
storage temperatures. Samples s1 and s2, in the refrigerator as well as at room temperature, 
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- was still stable after 22 h, but inspection after 42 hours revealed a phase separation . Sample 

s3, stored at room temperature, de-mixed nine hours later, viz. 51 hours after the treatment. 
Fourteen days after treatment, the sample s3 stored in the refrigerator was still stable. 

The storage stability of the samples of the blank experiment was clearly lower. Independent of 
the storage temperature, samples b2 and b3 showed phase separation within 20 hours after 
treatment. 

Conclusions 

A dear difference In emulsion stability was observed between samples obtained in a system 
with and without a magnetic device. This demonstrates that conducting an emulsion through a 
magnetic field contributes to the formation of a stable emulsion. 

Experiment 2 

Research equipment and procedures 

1. Preparation of the pre-mix 

1,163 kg of fatty acid and 0,076253 kg of surfactant were added to 2,504 kg of de-ionised water 
(in a IL-beaker). The fatty acid Yadiacid 01 68' and the surfactant Yadlasurf 7403* were provided 
by Oleon company. This mixture was vigorously stirred with an IKA RE16 mixer at 300 rpm- The 
suspension was slowly heated to a temperature of 63 D C with an IKA RCT heater. The 
temperature was controlled with an IKA ETS-D4 fuzzy-apparatus. 

When the temperature had reached 60.5 °C, 14.620 g of a 50 wt% NaQH-solutlon was added 
dropwise, while stirring of the mixture was continued. The suspension was allowed to cool to 40 
°C. The heater was turned off and the pre-mixstored for 1 1 days at room temperature. Before 
use. the pre-mbc was stirred once more (IKA RE16 ; 300 rpm) but not heated. 

2. Magnetictreatment 

The emulsification device used in this experiment comprised a liquid reservoir consisting of a 
cylindrical flask with a conic bottom. A commercial magnet (CEPI R1/2D) was mounted in an 
external loop according to the scheme of Rg. 1C. The loop consisted of tubing {Masterflex 
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■Tygon lab l/P 70, Cole-Parmer Instrument Company) 250 m! of the suspension (room 
temperature) was pumped from a bsaksr Into ths reservoir of the unit vis the magnet and the 

tubing. The pump speed was set at position corresponding to a flow of 6,3 t/min 

(measurement conducted with tap water). 

The same setup Is used for the blank experiment, except for the magnetic device. 



3. Determination of emulsion stability 

Tne siabiiiiy of the ertiuisions was inspected by eye. 
cuvettes (2,5 ml) and in smail glass vial3 (7 ml). 



Sampies were coiiecieri in poiystyrerte 



After 1 hour of treatment, the emulsion was samples in two ways. One sample was taken at the 
end outlet of the tubing, the other In the reservoir itself. The samples were stored at room 
temperature (25 °C) and In the refrigerator (7 °C) for visual analysis. An overview of the 
sampling scheme is given in the table 4. 





sampling 


sample room temp 


SAOTpJe refrigerator 


experiment with 
magnetic device 


reservoir 
tubing 


si 

$2 


si 

s2 


Mane 
experiment 


reservoir 
tubing 


bl I 
bl 


bl 

b2 



Table 4: sampling schema 



Results 

In the refrigerator the four samples were still stable after 4 days of storage. Upon storage at 
room temperature, phase separation occurred in both samples of the blank experiment (b1 and 
b2) in the period between 29,5 and 70 hours. Samples s1 and s2 obtained with the magnet In 
the loop, were much more stable and showed a phase separation somewhere between 101 
and 165,5 hours of storage at room temperature,. Samples s1 and s2, stored in the refrigerator, 
were still stable after 197,5 hours of storage. 



Conclusions 
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• This experiment confirmed the contribution of the magnetic field to the stabilisation of the 
emulsion. Furthermore, Improved storage stability was observed as compared to the previous 
experiments. This improved stability can be attributed to the higher pumping speed and to the 
fact that the emulsion was pumped into reservoir through the magnetic device. 

EXAMPLE 4: Stability of an emulsion stored in a larger recipient 
Research equipment and procedures 

1. Preparation of the pre-mtx 

1 ,1 63 kg of fatty acid and 0,076253 kg of surfactant were added to 2,504 kg of de-ionised water 
(in a 1L-beaker). Ttte fatty add 'radiacid 0166' and the surfactant 'radiasurf 7403 r were provided 
by Oleon company. This mixture was vigorousfy stirred with an IKA RE16 mixer at 300 rpm. The 
suspension was slowly heated to a temperature of 63 °C with an IKA RCT heater. The 
temperature was controlled with an IKA ETS-D4 fuzzy-apparatus. 

When the temperature had reached 60,5 fl C 14,620 g of a 50 wt% NaOH-solution was added 
dropwise, while stirring of the mixture was continued. The suspension was allowed to COOl to 40 
X. 

2. Magnetic treatment 

1,5 i of the suspension (40 °C) was poured into a 2 I cylindrical flask with a conic bottom serving 
as liquid reservoir . . The external foop consisted of tubing (Masterflex Tygon lab l/P 70, Cole- 
Parmer Instrument Company). Magnet (CEPI R1/2D) and peristaltic pump were mounted in the 

loop according to Fig.lC. IsThe pump is turned on at position corresponding to a pumping 

speed of 4.7 Vmln (measurement conducted with tap water). 

3. Emulsion stability determination 

The stability of the emulsions was inspected by eye. The Sample was collected in a 1 Etre 
glass Ertenmeyer. 

After ne hour of treatment the emulsfonwas pumped through the magnetLnto a 1 ! glass 



Erlenmeyer. 
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Results 



The sample stored in the Erlenmeyer flask had a storage stability of more than 19 days. The 
higher stability of the sample stored In the Erlenmeyer as compared to the stability of the 
samples stored in the 2,5 ml cuvettes and the 7 ml vials is known in the art. The surface to 
volume ratio, the shape and the chemical nature of the recipient can be critical, especially when 
stability over long storage periods is desired. 

The evaluation of the emuiasion stability of ihe samples in smaii fiasks as done in Examples 1- 
3 represents an accelerated stability test. 



13 



U-Nov. 2002 1 1:44 




16 326515 



Nr. 3637 P. 20/22 




r 



•CLAIMS 



1. A method for the preparation of an emulsion characterized In that the method comprises 
conducting a 'premb^ of immiscible liquids through a magnetic field. 

2. A method according to claim 1 whereby the 'premix* is recirculated through a magnetic field. 

3. A method according to claim 1 to 2 wherein the 'premix' of immiscible liquids comprises an 

emulsifier. 

4. A method according any of the claims 1 to 3 whereby the immiscible liquids are oil and 

wafer. 

" 5. A method according to claim 4 for the preparation of an ofl-in-water emulsion. 

6. A method according to claim 4 for the preparation of a water-tn-oil emulsion. 

7. A method according to any of the claims 1 to 6 whereby the premix Is conducted through a 

body with a permanent magnetic field . 

8. A method according to any of the claims 1 to 7 whereby the flow rate of the premix through 

tha magnetic field Is below the flow rate of ths transition from laminar to turbulent flow. 

9. An emulsificaHon device comprising a liquid containing device, a magnetic device and a 
pumping system said ernulsificatiori device allowing to recirculate a 'pramlx* through the 
magnetic device. 

10. Use of a device according to daim 9 for the preparation of an emulsion according to the 
method of any of the claims 1 to 8. 
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-Abstract 

The Invention relates to a new method and related equipment for the preparation of emulsions. 
According toth© method of the invention stable emulsions are obtained by conducting an 
unstable pre-mixture of immiscible fluids through a magnetic field. 
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Pump 



Magnetic Device 

Figure 1: Representation of different configurations of the emulsification device. 
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